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Introduction
World Medical Association Declaration of Helsinki. All included patients provided written informed consent and their information were recorded and registered in our cancer registry system. The authenticity of this article has been validated by uploading the key raw data onto the Research Data Deposit public platform (www.researchdata.org.cn), with the approval RDD number as RDDA2017000174.
Patients follow-up
Follow-up evaluations were carried out included physical, laboratory examination and radiological examinations referring to the National Comprehensive Cancer Network (NCCN) clinical practice guidelines. In addition, all patients were also followed up via telephone interviews. The last follow-up was completed in November 1, 2015, and after that, the whole data was analyzed. The primary endpoint was overall survival (OS), which was defined as the interval between surgery and last follow-up or death from all causes. The secondary endpoint was disease free survival (DFS), which was calculated as the interval between surgery and last followup or recurrence.
Statistical analysis
Continuous variables and categorical variables were presented as median (range), and number (percentage), respectively. Percentage differences between groups were compared with χ2 test or Fisher's exact test. Continuous data were compared using Mann-Whitney test. Relationship between variables was determined using two-sided Spearman's correlation coefficient. Estimated glomerular filtration rate (e-GFR) was calculated by the Cockcroft-Gault [17] adjusted for body surface area by normalizing the output per 1.73 m 2 of body surface area. The optimal cutoff values of preoperative serum Cys-C, creatinine (CRE) and e-GFR were determined using a web-based R software engineered and designed by Budczies et al [18] (http://molpath. charite.de/cutoff/). The predictive value of the established model was assessed using the area under the receiver operating characteristic (ROC) curve (AUC), and the pairwise comparison of AUC values of significant biomarkers was carried out using z statistical method. The associations of preoperative serum Cys-C with pT-stage, pN-stage and pM-stage were assessed using non-parametric analysis of variance (ANOVA). OS and DFS were measured using KaplanMeier curves and log-rank test. Variables with prognostic significance for survival were identified using univariate Cox regression analyses and further analyzed using multivariate Cox regression analysis to test their independence. Hazard ratios (HRs) estimated from the Cox analysis were reported as relative risks with corresponding 95% confidence intervals (CIs). All statistical analyses were performed using SPSS21.0 software (IBM, Armonk, NY) and MedCalc (MedCalc Software, Ostend, Belgium). All tests were two-sided and a P value <0.05 was considered statistically significant.
Results

Clinicopathologic characteristics
The 325 enrolled patients had mean age of 51 years old. The relationship of serum Cys-C, CRE or e-GFR with predictor of prognosis of RCC patients
Serum Cys-C is considered a potential marker of renal function, thus, its relationship with serum CRE and e-GFR were analyzed for predicting the prognosis of RCC patients. The results showed that preoperative serum CRE and e-GFR levels were positively and negatively correlated to Cys-C as determined by Spearman's correlation coefficient test (r = 0.365, P<0.001; and r = -0.416, P<0.001, respectively). In addition, preoperative CRE and e-GFR levels were negatively correlated (r = -0.718, P<0.001). Analysis using the Cutoff Finder showed the recommended cutoff values of preoperative serum Cys-C, CRE and e-GFR for evaluating OS were 1.09, 44.9 and 77.16, respectively (Fig 1) . In addition, ROC curve analysis of the three indicators showed that preoperative serum Cys-C was significant (AUC = 0.69, P<0.001), but not CRE (AUC = 0.52, P = 0.594) and e-GFR (AUC = 0.55, P = 0.325) ( Table 2 ). Furthermore, pairwise comparisons of the three biomarkers showed that preoperative serum Cys-C is a better index than CRE and e-GFR for assessing the prognosis of RCC patients (Table 3) . Overall, based on the cutoff value of serum Cys-C, these patients were divided into low serum Cys-C ( 1.09 mg/L) and high serum Cys-C (>1.09 mg/L) groups, respectively.
The relationship between clinicopathological characteristics and preoperative serum Cys-C
The clinicopathological characteristics in each subgroup are described in Table 4 . Patients with low preoperative serum Cys-C were significantly younger (P<0.001) and had lower preoperative ALP, CRE and UA levels but higher preoperative e-GFR. In addition, preoperative serum Cys-C level was associated with gender (P = 0.008), pT-stage (P<0.001), pN-stage (P = 0.036), pM-stage (P = 0.020), pTNM-stage (P<0.001), Fuhrman grade (P = 0.005) and pathological types (P = 0.016), but not BMI (P = 0.592) and preoperative TP (P = 0.481). Moreover, as a continuous variable, preoperative serum Cys-C level was significantly higher in RCC patients at pT3-4 and pM1 than RCC patients at pT1-2 (P<0.001) and pM0 (P = 0.005), respectively, but similar among RCC patients at different pN-stage (P = 0.052). In addition, the preoperative e-GFR level was lower in patients with pT3-4 stage than pT1-2 stage (P<0.001) and the preoperative CRE level was higher in patients with pT3-4 stage (P = 0.015). The preoperative CRE and e-GFR levels were not statistically significant for the subgroup of the pN and pM stage. The details were depicted in Fig 2. The relationship of preoperative serum Cys-C with OS of RCC patients Univariate Cox proportional hazards regression model analysis based on the cut-off levels of serum Cys-C showed that low preoperative serum Cys-C was associated with better OS (P<0.001). In addition, BMI, Fuhrman-grade, pTNM stage, pT-status, pN-status, pM-status and ALP were also remained clinically and statistically significant predictors of prognosis ( Table 5) . Multivariate Cox regression analysis showed that low serum Cys-C was a significant independent predictor favorable for OS (HR, 1.59; P = 0.012). In addition, pN-status and pMstatus also remained clinically and statistically significant predictors of prognosis ( Table 5) .
To further investigate the prognostic significance of serum Cys-C level in RCC patients, the whole cohort was compared using Kaplan-Meier method and log-rank test. Patients with Cys-C 1.09 mg/L (n = 216) showed a significantly better OS than patients with serum Cys-C>1.09 mg/L (n = 109) (Cys-C 1.09 mg/L vs. >1.09 mg/L, mean OS: 69.86 vs. 55.20 months, respectively, P<0.001, Fig 3A) . We also evaluated the prognostic influence of serum Cys-C level in the subgroups based on the pT-status, pN-status, pM-status, respectively. Patients with low 
The relationship of preoperative serum Cys-C with DFS of RCC patients
For DFS, we excluded the patients with pM1 classification (n = 19). 306 patients were enrolled to analyze the relationship of preoperative serum Cys-C with clinicpathologic characteristics. Univariate Cox proportional hazards regression model analysis showed that low serum Cys-C was an independent predictor favorable to DFS (P = 0.001), and BMI, pTNM stage, pT-status, pN-status, and ALP remained clinically and statistically significant predictors of prognosis ( Table 6 ). Multivariate analysis was used to adjust the confounders of the association of preoperative serum Cys-C levels with disease progression. Considering the mulicolinearity between pTNM stage and pT-status as well as pN-status, pTNM stage was not included in the multivariate analysis. The results showed that low serum Cys-C was a significantly independent predictor favorable to DFS (HR, 3.50; P = 0.013). In addition, the pN-status was also a clinically and statistically significant predictor of prognosis ( Table 6) .
Kaplan-Meier method and log-rank test were used to compare the different effects of serum Cys-C level on DFS. Patients with serum Cys-C 1.09 mg/L (n = 198) showed a significantly better DFS than patients with serum Cys-C>1.09 mg/L (n = 75) (Cys-C 1.09 mg/L vs. >1.09 mg/L, mean DFS: 71.95 vs. 58.10 months, respectively, P<0.001, Fig 3B) .
We compared survival curves of patients with low and high preoperative serum Cys-C at different pathological stages (pT-status, pN-status, pM-status) using Kaplan-Meier method and log-rank test. In stage I-II subgroup, patients with high serum Cys-C had a significantly poorer DFS than patients with low serum Cys-C patients (n = 273, Cys-C 1.09 mg/L vs. >1.09 mg/L, mean OS: 71.95 vs. 58.10 months, respectively, P<0.001, Fig 5A) . In pT1-2 subgroup, patients with high serum Cys-C also had a significantly poorer DFS than patients with low serum Cys-C patients (n = 278, Cys-C 1.09 mg/L vs. >1.09 mg/L, mean OS: 71.24 vs. 56.94 months, respectively, P<0.001, Fig 5C) . In the pN0 subgroup, patients with high serum filtration rate (e-GFR) (C). The vertical line designates the optimal cutoff values with the most significant (logrank test) split.
https://doi.org/10.1371/journal.pone.0178823.g001 
Discussion
This is the first study to analyze the relationship between preoperative serum Cys-C and the prognosis on RCC. Previous studies had found that elevated serum Cys-C is associated with poor prognosis of other cancer patients [16] . However, no study has explored to the prognostic value of serum Cys-C on RCC patients. Patients with preoperative high serum Cys-C (>1.09 mg/L) had shorter OS and DFS than patients with low serum Cys-C ( 1.09 mg/L). The results of multivariate analysis demonstrated that preoperative serum Cys-C was an independent factor for predicting OS of RCC patients. In addition, preoperative serum Cys-C was also an independent factor for predicting DFS of non-metastatic RCC patients treated with complete surgical resection. Analyses of relationship between serum Cys-C level and OS and DFS of patients at different stages (pTNM-stage, pT-stage, pN-stage and pM-stage) demonstrated that low preoperative serum Cys-C level was a favorable prognostic factor for OS of patients at pT1-2, pN0 and pM0 stages and DFS of patients at pT1-2 and pN0 stages, but had no statistically significant association with OS of patients at pT3-4, pN1 and pM1 stages and DFS of patients at pT3-4 and pN1 stages, probably due to insufficient number of patients at advanced stages.
As a member of cysteine protease inhibitors, Cys-C inhibits tumor invasion and metastasis. Downregulation of Cys-C is frequently reported in breast, prostate, stomach, uterus, colon, and non-small cell lung cancer tissues [19] [20] [21] [22] , but controversial in other cancers [23, 24] . Cys-C level is rarely detected or reduced in tumor tissues of RCC patients comparing that in normal tissues [25] . Overall, Cys-C expression in cancer tissues indicates that Cys-C expression is primarily suppressed by tumorigenesis and decreased Cys-C level may induce tumor formation, invasion and metastasis. Circulating Cys-C is also considered to function as a tumor suppressor [26] . However, contrast to the reduced Cys-C level in cancer tissues, serum Cys-C level is elevated in cancer patients and associated with their poor prognosis [27, 28] . In this study, we showed for the first time that serum Cys-C is elevated in RCC patients at pT3-4 stage than at pT1-2 stage, and in RCC patients at pM1 stage than at pM0 stage (Fig 2) . Moreover, patients with high serum Cys-C level (>1.09 mg/L) at pT1-2, pN0 and pM0 stages had worse OS than patients with low serum Cys-C level ( 1.09 mg/L) at pT1-2, pN0 and pM0 stages, suggesting that serum Cys-C level could be a good prognostic biological marker for RCC patients.
As the major substrate of Cys-C, Cysteine cathepsin protease activity is frequently dysregulated in the context of neoplastic transformation [29, 30] . Increased activity and aberrant localization of proteases in tumor microenvironment have a potent role in driving cancer progression, proliferation, invasion and metastasis [31] . The elevated cathepsin expression is significantly associated with poor prognosis of patients with melanoma as well as breast, lung, head and neck, colorectal and many other cancers [32] [33] [34] . It has been shown that cathepsin D expression level was higher in RCC tumor tissues and urine than benign or normal volunteer samples [35, 36] . However, serum cathepsin D is not altered in RCC patients in comparison with healthy volunteers [37] and cathepsins B, C, H, L and S are not higher in RCC tissue than in normal kidney [38] . Although changes of cathepsins expression in RCC are controversial, the balance between Cys-C and its substrates palain-like cysteine proteases is very important for tumor cell invasion and metastasis. Elevated serum Cys-C in RCC may be a reflection of increased level and activity of extracellular proteases (such as palain-like cysteine proteases and other EMC proteases) in tumors or the stromal host cells [39] . Therefore, the relation of RCC at high stage with increased serum Cys-C may be due to its more aggressive characteristics and higher proteases level. Elevated serum Cys-C level of cancer patients is not directly associated with the invasion of tumor cells into target organs, but represents a secondary effect due to a reduced elimination rate of Cys-C by glomeruli caused by disease-related kidney damages [40] . For example, higher stage RCC may damage more renal structure and function, therefore reducing GFR and increasing serum Cys-C. Previous studies demonstrated Serum Cys-C is an important biomarker of renal function and associated better with direct measures of glomerular filtration rate more precisely than CRE and e-GFR, because serum CRE is dependent not only on GFR, but also on body muscle mass, which are affected by age and sex, and the e-GFR in our study is calculated using creatinine clearance using serum CRE levels [41, 42] . Estimation of renal function is important since renal insufficiency is directly associated with increased mortality after cancer [43] . To explore the effect of renal function on prognosis, we also analyzed the association of serum Cys-C, CRE and e-GFR with the prognosis of RCC patients, respectively. Our results showed that serum Cys-C was a better prognostic indicator than CRE and e-GFR and that preoperative serum Cys-C rather than CRE and e-GFR is the prognostic factor for OS of RCC patients after surgery. Although some studies showed that end-stage renal disease would affect tumor prognosis, the association of early renal injury and cancer prognosis is not clear [44] . Our results showed that no patient died of end-stage renal disease, most possibly due to short follow-up time. In addition, our resulted also showed that preoperative serum Cys-C level was positively correlated with CRE, but negatively correlated with e-GFR. Therefore, regardless of the loss of renal function by renal structure destroy by tumor mass, serum Cys-C is still a predictor of RCC although the role of serum Cys-C in RCC progression needs to be further explored.
The study has some limitations. Firstly, it is a retrospective, single-center study, which may limit the prognostic value of serum Cys-C. Therefore, a large-scale prospective validation Preoperative cystatin-C for prognosis of RCC study is needed. Secondly, Cys-C differs among individuals and can be influenced by heterogeneity in the treatment used for the RCC patients after surgical resection, which led to different clinical prognosis; such therapeutic strategy should be considered in the future analysis. Thirdly, as the survival of early stage RCC patients is greatly extended, longer following time is needed to obtain a more reliable result. Lastly, our results still need multicenter validation.
Conclusions
In conclusion, our results revealed that preoperative serum Cys-C level could be considered as not only the renal function predictor, but also an independent prognostic factor for surgical RCC patients. This is also confirmed in RCC patients at early stages according to pT, pN and pM classifications. Overall, serum Cys-C may be a convenient and useful biomarker to distinguish RCC patients with high risk of recurrent or metastasis after surgery and RCC patients with higher serum Cys-C level should be more closely followed up.
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